Intestinal parasitic infections still constitute major public health threats in many areas in Cameroon. To improve control measures, epidemiological data from environmental and human aspects are necessary to draw concrete control strategies to better follow-up the population at risk.
INTRODUCTION
Hundreds of millions of people in the developing world are at risk of parasitic diseases including neglected tropical diseases (NTDs) [1] . Among the NTDs, intestinal parasitosis (helminthiasis and amibiasis) are particularly important in terms of number of people infected and estimated global burden, as expressed in disability-adjusted life years (DALYs) [2, 3, 4, 5] . Intestinal parasitic infections continue to prevail as a major public health problem in endemic areas. Thus, 3.5 billion people worldwideare infected with infection intensity being highest in children [6, 7] . The distribution of these infections is mainly associated with poor personal hygiene, environmental factors, limited access to clean water, socio-economic factors, overcrowding [8, 9] and drug administration in all age groups [10] . Overcrowding of people in houses has shown high prevalence of intestinal parasitic infections [11] . In Cameroon, IPIs are among the preoccupying diseases affecting up to 10 million persons, mostly in communities with low living standards residing in rural areas deprived from access to safe water, basic health services and essential medications [12] . Many studies have been conducted on the distribution profile of intestinal parasites in Cameroon in general and in the South Region in particular [13, 14, 10] . Nevertheless, few works have been focused on the potential environmental factors that could influence their transmission and maintenance.
This study aimed to investigate these environmental factors in relation to intestinal parasitic infections in a highly endemic area of Cameroon. The results obtained will enable us to draw concrete control strategies to better followup the population at risk.
MATERIALS AND METHODS

Study Area
The study was conducted on the entire population (aged 1 to 92 years) belonging to 5 villages in the Ngovayang community of the health District of Lolodorf (Ngovayang 3, Bingambo, Mvile, Bikala et Mbikiliki). At the time of this study, these villages had not beenrecently included in any MDA program at the school level. The area was selected based on previous data which have disclosed it to be highly endemic [13, 14] . The area is a rural locality with a tropical humid climate which has four seasons: a long dry season that extends from November to mid-March; a long rainy season which moves from mid-August to November; a short dry season that covers mid-June to mid-August and a short rainy season that begins from mid-March to mid-June. The annual average temperature varies between 24°C and 28°C. The community members practice agriculture, fishing, hunting and trading [15] . Access to potable water constitutes a major problem to the community members with the main water sources being wells and rivers. Garbage are disposed hazardously around the houses and along the road sides. Defecation is equally done in bushes around houses, streams and school premises. The habit of walking barefooted and eating raw food is a common practice by inhabitants of the study area [14] . School aged children included in the study benefit from annual MDA for STHs infections.
Study Subjects
The study was conducted from January to March 2018. The study population was children and adults aged 1 to 92 years. Of the 325 persons who voluntarily accepted to participate in the study, 273 (125 boys: 45.79% and 148 girls: 54.21%) provided stool samples. Six classes of age interval were deducted with respect to minimal equitability in the number of persons in each age group: 1-5 years; 6-15years; 16-30 years; 31-45 years; 46-60 years; and 60 years and above.
Ethical Considerations
This study was ethically approved by the Ethical Committee of the Institute of Medical Research and Medicinal Plant Studies (IMPM) of the Ministry of Scientific Research and Innovation, Cameroon and the Ethics Review Committee of Lolodorf hospital. Permission to conduct the study was obtained from the community leaders who were duly informed on the objectives and benefits of the study. Parents/guardians were informed about the aim and the procedure of the entire clinical trial. Participants included in the study gave informed consent either as a parent or children parents/ guardians. Participants were recruited on a voluntary basis and their personal information was treated privately and was not divulged to a third party. Participants found infected following sample analysis were administered free treatment with mebendazole 100 mg (2 tablets taking two times per day for 3 days consecutively) under the direct supervision of a clinical nurse.
Administration of Questionnaires
Participants of 5 years old and above were given questionnaires to fill. Children Parents or guardians assisted children them when necessary. The different risk factors that were evaluated include: age, sex, profession, family size, use of shoes, general hygiene, type of portable water, presence of toilet and date of last treatment.
Sample Collection and Processing
Registration of participants was done in their various homes in the evening followed by the distribution of one sterile 50 ml screw-cap vial each carrying an identification code. One stool sample was collected from each participant the following day between 6 am and 8 am. The samples were conserved in a cooler containing ice blocks and were transported to the Ngovayang health centre, where Kato slides were prepared using a portion of each stool sample according to [16] and examined for the identification of helminth eggs following their morphology (A. lumbricoides, T. trichiura and hookworms). The remaining portion was each fixed with 10% formalin and transported to the Parasitology laboratory of the Medical Research Centre of IMPM in Yaoundé where they were subsequently processed using the qualitative concentration Formol-ether technique to identify helminth eggs and protozoan cysts [16] . To avoid complete degeneration of hookworm eggs, all Kato slides were prepared and read the same day following sample collection. Eggs were counted under a light microscope at 10X magnification and their number expressed in eggs per gram of stool (epg).
Data Analysis
Parasitological data were analysed using Statistic logistic SPSS Version 21 and SX and Microsoft Excel 2007. The Chi square test was used to compare the prevalence of parasites in relation to sex, age groups and villages [17] . Univariate and multivariate logistic regression was used to determine the correlation between different parasite infections and risk factors. Multivariate analysis was done for all variables which showed a significance of p<0.2 and other variables which did not show any significance but are known to be associated to the disease [18]. The level of statistical significance was at 95% (p<0.05).
RESULTS
A total of 273 stool samples were collected from participants to evaluate the risk factors associated to infection. Of this number 117 (42.9%) were infected by at least one parasite with parasitic helminths predominating (49.8%) over parasitic protozoan (12.1%). The univariate analysis of risk factors associated to infection realized by the chi square test revealed that the factor sex (p= 0.04), agricultural activities (p= 0.04) and absence of treatment (p=0.02) were the potential risk factors correlated to infection (Tables 1, 2 and 3) .The corresponding infection rates for these different variables were 48.7%, 47.7% and 50.8%. Even in the absence of significant differences observed for other factors, high infestation rates were observed for factors such as age (49.3% in people above 60 years) family size (47.8% for ≥ 7 persons in each household), absence of toilets (53.5%), irregular use of shoes (48.6%), not wearing shoes (60.0%), irregular hand washing before meals (48.4%) and eating raw food (45.5%) ( Table 4 ).
Following the multivariate logistic regression analysis, the duration of last treatment significantly correlates with high infestation rate for hookworms (P=0.01). People who had never received any treatment were more susceptible to infection (Odds ratio =0.17; 95% Confidence Interval (CI) = 0.06 to 0.5). There was statistical significance between the female sex and E. coli infections (p=0.04) (Odds ratio =0.33; 95% Confidence Interval (CI) = 0.12 to 0.93). Despite the absence of significant correlation, children of 1-5 years old had high risk of being infected by A. lumbricoïdes and T. trichiura, same for those between 16 and 30 years who were more susceptible to hookworm infection. Equally, school pupils had high risk of being infected by A. lumbricoïdes (Appendix 1). No significance was observed on treatment impact of the different parasite species. Nevertheless, people who had never received treatment were infected by all the parasite species identified, while those who received anthelmintic drugs one month before the study were free from infections. Also, infection by T. trichiura was more important in those who received treatment more than three months before the study (Table 5 ).
DISCUSSION
Contamination and dissemination of intestinal parasitic infections in a population is generally link to many social demographic and sociocultural factors [11] . The present study has evaluated the risk factors associated to IPIs in the Ngovayang community in the South Region of Cameroon. Individual of the female sex had high infestation risk than those of the male sex. In a study conducted by [19] , the influence of gender on the infestation rate of parasitic helminths is not conclusive, since the role played by the later can vary according to regions and environmental factors.
Treatment duration showed high significant association with infestation risk with the highest prevalence observed in those who have never received treatment (50.8%). Parasitic transmission equally increases with age [20] . We observed in this study that infestation risks increases with age, reflecting the eventual absence or irregular deworming habit in non-schooling children. Also, deworming program is focused mainly on school age children without involving other age groups who are equally potential carriers of these infections [21] . This neglected group has shown to play an important role in the maintenance of parasitic transmission [22, 23] . Also, children between 1-5 years and other school pupils were more infected by some parasites like A. lumbricoïdes and T. trichiura. This is certain as they are more exposed to infection due to poor knowledge of hygiene and they always play around contamination sites at home and in school. Garbage disposal around school premises and visible sewage near houses are significant risk factors for intestinal parasitic infections [34, 11] .
Transmission of some parasites is linked to profession: hookworms which showed a positive correlation to agricultural activities [24] . Gastrointestinal parasitic infections are widespread in crowded environments with poor sanitation [25; 26,11) . In this study, infestation risk increases with an increase in number of habitants in each household, even though with no significant association. The highest infestation rate (47.8%) was observed in families with ≥ 7 persons. Overcrowding usually is considered [27, 20, 28] .
No significant correlation was observed between parasitic infestation and risk factors like eating raw food and walking barefooted despite the fact that walking barefoot is a common practice in our study area [14] . It could be assumed that, factors which did not show any significant association to infestation risks like the presence of toilets, the habit of eating raw food, family size among others could more or less have similar level of significance as the three principal risk factors identified in this study.
CONCLUSION
This study shows that infection with intestinal parasites is still a major public health problem in Ngovayang community of the South Region of Cameroon. The most prevalent parasites include A. lumbricoïdes, T. trichiura, hookworms and amoeba species (E. coli and E. histolytica/E. dispar). The factor sex, profession and treatment duration were the risk factors associated to thespread of these parasites in the population. However, many other factors like presence of toilets, the habit of eating raw food, family size among others have none negligible impact on their dissemination. This calls for the need to put in place adequate intervention strategies and proper execution by the authorities in charge.
More precisely, deworming program should be associated with sanitation education involving all age groups. Also, more concern should be focused on environmental and climatic impact on the dissemination of these infections, what could also be primordial for more successful control strategies.
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